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The combined effect of a muscle strength training program with the previous application of a topical menthol gel on the 
intensity of chronic low back pain (CLP) and the functional capacity of overweight/obese older women was evaluated. 
A randomized controlled clinical trial with parallel group comparison was conducted. In Phase 1 (12-weeks), 31 women 
were randomly assigned: (i) a control group that did not change their habits (CG; n = 11); (ii) group of strength training 
prior to application of a gel with menthol (RTM; n = 10) and (iii) group that performed the same training prior to 
application of a placebo gel (RTP; n = 10). After 12 weeks of no training, phase 2 of the study (32-week duration) was 
run, where the RTM and RTP women were randomly reassigned. It was evaluated before and after each phase: body 
composition, functional capacity, pain perception and Oswestry disability index. The significance level established for 
the study was p ≤ .05. Both training groups significantly improved all variables after stages 1 and 2, with significant 
post-intervention differences but no significant intergroup differences, although RTM obtained better results. The 
percentage of improvement in pain perception and functional parameters were related to the intervention time without 
positive effects for CG. In conclusion, the use of menthol gel prior to a muscle strength program reduced pain and 
enhanced the functional improvements achieved as a result of moderate-high intensity training in older adult women 
with CLP and overweight or obesity. 
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Spinal pain is the most prevalent type of musculoskeletal pain in older adults (OAs) (Edmond & Felson, 2000; 
Podichetty et al., 2003), and it causes them to engage in less physical activities as it restricts or hinders their 
movements (Reid et al., 2005). The limitations produced by this type of pain worsen the usual decrease in 
motor performance or functional capacity promoted by the ageing process (Aagaard et al., 2010). 
Additionally, most patients with chronic low back pain (CLP) worsen their body composition because they 
fear such pain, and, as a result, they restrict their movements and generally refrain from engaging in any type 
of physical activity (Leboeuf-Yde et al., 2011). For these reasons, obesity and low muscle mass have been 
associated with the diagnosis of pain (Wright et al., 2010), and it has been reported that the prevalence of 
joint pain increases directly with higher values of body fat, especially when it comes from the lower part of 
the backbone (Vincent et al., 2011). At the same time, this worsening of body function and composition is 
associated simply or in combination with a decrease in life quality and life expectancy (Cedrashi et al., 2016; 
Vincent et al., 2011; Wright et al., 2010). Consequently, the evidence reported by previous research indicates 
that there is a large number of treatments for CLP because it is a serious problem for global public health 
(Katz, 2006). However, no single approach has been placed above the rest of the treatments since it has not 
yet been possible to determine which strategy is optimal (Haldeman & Dagenais, 2008; Henchoz & Kai-Lik, 
2008). This situation makes it very difficult for doctors, physiotherapists, physical trainers, politicians, 
insurers, and the patients themselves to make decisions regarding which treatment or intervention is the 
most appropriate for the treatment of CLP and even more so in OAs (Searle et al., 2015). 
 
Among different intervention strategies that are present (i.e., surgery, pharmacological treatment, and non-
medical interventions) (Searle et al., 2015; van Middelkoop et al., 2010), treatment with physical exercise is 
probably the type of conservative treatment most used worldwide, whose efficacy has been demonstrated 
by improving all the health alterations previously mentioned in isolation: pain, loss of function, and worsening 
of body composition (Foster et al., 2016; Hubley-Kozey, 2003). 
 
Because reduced strength (Hubley-Kozey, 2003), flexibility (Vincent et al., 2011), and aerobic endurance 
(van der Velde & Mierau, 2000) are present in many people with CLP, exercise programs to treat CLP 
generally include training for these physical qualities (Foster et al., 2016; van Middelkoop et al., 2010; van 
Tulder et al., 2000). Among these indicated physical exercise protocols, those that focus on the improvement 
of muscular strength currently stand out given the great benefits they provide for various population types 
when carried out with the use of various device types (i.e. own body weight, free weight, machines, elastic 
bands, aquatic environment, etc.) (Hayden et al., 2005; Searle et al., 2015). However, there is still no clear 
recommendation regarding the prescription of this type of physical exercise based on muscle strength training 
in OAs for joint improvement of both spinal pain and physical function and body composition, although it is 
widely recognized that such an intervention could be effective (Foster et al., 2018; Ishak et al., 2016). 
 
Among the other alternative treatments to exercise mentioned, it should be noted that there are currently 
topical gels that are used for analgesic purposes to relieve discomfort and pain in the locomotor system. 
Among these, the gels that contain the active ingredient of menthol are highlighted since they do not present 
collateral adverse effects usual in other types of local analgesics (Sundstrup et al., 2014). The positive effects 
of this type of gel, which is recommended to be applied in various dosages throughout the day, have been 
corroborated acutely and chronically (Sundstrup et al., 2014; Zhang et al., 2008). Some scientific studies 
have associated its use with physical activities, both just after training in subjects without musculoskeletal 
pain to minimize the loss of physical performance and muscle pain typical of intensive physical exercise 
programs (Johar et al., 2012), and just before performing different functional tasks in subjects with knee pain 
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to reduce pain and increase performance during the activity (Topp et al., 2013). A possible justification for 
the complementary use of menthol together with physical exercise is based on the fact that menthol activates 
TRP-M8 receptors, generating a sensation of cold in sensory neurons of the skin and causing an effect similar 
to that of cryotherapy with the important difference that it does not alter muscle strength after its application 
(Page & Alexander, 2017) and maintains a half-life of 96 minutes after its transdermal application (Martin et 
al., 2004), which indicates that it can be used during a training session. 
 
Due to all these pieces of evidence explained up to here, it is possible to wonder if the application of a topical 
gel with menthol prior to a muscle strengthening session can reduce the usual muscle inhibition due to pain 
and allow training without restricting movements and in a controlled manner at an intensity that in the medium 
and long term can cause decreases in low back pain and improvements in physical functions and body 
composition in OAs. It was hypothesized that the application of the menthol gel prior to the resistance training 
program would generate greater benefits than the application of physical training alone in reducing pain and 




An experimental approach to the problem 
A randomized controlled clinical trial, with a comparison of parallel groups and allocation ratio of 1:1. The 
study was approved by the ethics committee of the University of Valencia (H1475430627434). All participants 
signed an informed consent form, and the research was carried out in accordance with the Declaration of 
Helsinki (2008 revision). The study adhered to the CONSORT Statement to ensure transparent and 




Figure 1. Study design. 
 
- Phase 1: Thirty-one women were randomly assigned to three groups: a training group with elastic 
resistance prior to the application of the menthol gel (RTM; n = 10), a second training group with 
elastic resistance prior to the application of a placebo gel (RTP; n = 10), and a control group (CG; n 
= 11) that did not undergo training. 
- Phase 2: After 12 weeks of detraining, with the aim of comparing the short and long-term effects of 
the menthol gel, the 20 OAs who participated in phase 1 were again randomized into two groups: 
RTM (n = 10) and RTP (n = 10) groups. 
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Participants 
OAs from the Valdivian community (Chile) with a history of unspecific CLP were invited to participate through 
a call in the local press and the National Older Adults Service (SENAMA Los Ríos, Chile). For the selection 
of the sample, the following inclusion criteria were taken into account: age ≥ 60 years, BMI ≥ 25 kg/m2, 
presence of non-specific low back pain without peripheral radiation, pain > 3 months, medical authorization 
to perform physical activities, and being able to sign an informed consent form. Exclusion criteria were the 
presence of a neurodegenerative or inflammatory disease in the spine, a lumbar disc herniation that requires 
surgical treatment, vertebral fractures, history of lumbar surgery, severe neoplastic, psychiatric or 
cardiopulmonary disease, neuromuscular, sensory, or cognitive alterations that prevented the practice of 
exercise, the use of physiotherapeutic treatment for the spine in the last three months, the practice of physical 
exercise during study and fluctuation of body weight greater than 2 kg during the previous year. 
 
Sample 
The calculation of the sample size was carried out based on the values previously published in the literature 
by Hägg et al. (2003) and Ostelo & de Vet (2005) for the visual analogue scale pain (VAS), in which a 
minimum difference of 20 mm is described at a 95% tolerance interval for the finding to be considered 
clinically important, using the free software GRANMO (version 7.12, April 2012). 
 
Procedures 
In the previous week, week 12 and 32 the evaluations were carried out, each one on three different days. 
The evaluators were three physical therapists with five years of experience in OA care. On the first day, 
weight, body mass index (BMI), fat and lean mass were evaluated using bioelectrical impedance (Tanita® 
TFS300GS), and waist and hip circumference was assessed following the NAHNES standards (2009). During 
all evaluations, the participants were barefoot and wore light clothing. On the second day, functional ability 
tests were assessed: 
- 6-minute walking test (6MWT): the participants were asked to walk as fast as possible, without 
running, for six minutes on a flat surface marked 30 m. The internal consistency values of the test 
are 0.90-0.96 (Rikli & Jones, 2013). 
- Timed-up-and-go (TUG): the participants were asked to get up in one go and walk and turn around 
the cone located at three meters and sit down again. TUG has excellent intra-ratter reliability (ICC = 
0.94) in the OA community (Hofheinz & Schusterschitz, 2010). 
- Single-leg-stance: the participants crossed their arms on the thorax, letting the hands rest on the 
shoulders, and performed triple-flexion of one leg at 90°. They held the position for as long as 
possible on one foot. The coefficient of the intra-class correlation of the test is 0.994 (Springer et al., 
2007). 
- Chair-stance: the participants were asked to rise to a full standing position from a chair and sit back 
down again as many times as possible during 30 s. It was performed only once and has an internal 
consistency of 0.79-0.93 (Rikli & Jones, 2013). 
- Grip-strength: a Jamar® hydraulic dynamometer (PC 5030 J1, Sammons Preston Rolyan, USA) was 
used. From the sitting position with the arm adducted, the elbow flexed at 90º, and the wrist in a 
neutral position, the participants were asked to hold the dynamometer in position II while the 
evaluator supported it slightly from the base (Boscheinen-Morrin & Conolly, 2001). Due to its 
predictive validity and simplicity, this test is considered a useful vital sign for the functional 
assessment of OAs. 
- Maximum isometric force of upper and lower limbs: the Upright rowing (UR) and Squatting (SQ) tests 
were applied according to the protocol described by Colado et al. (2010). The force-time curve of the 
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peak traction was captured by a load cell and the analysis of the force signal was performed using 
the MATLAB 7.0 program (MathWorks Inc., Natick, MA, USA). 
- Curl-up test: assesses abdominal resistance, by maintaining the trunk flexion without the lower pole 
of the scapulae touching the table while keeping the knees bent 90° with the arms crossed at the 
chest level and feet under a strap at the ankles. The best time of two attempts after 1 min rest was 
recorded (Chen et al., 2009). 
 
On the third day, self-perceived functional health tests were applied by assessing pain with the visual 
analogue scale (VAS), where the participating OAs marked on a 100 mm line the point that best described 
the intensity of pain, and the questionnaire for the Oswestry Disability Index (ODI), which evaluates the 




The plan was carried out in an OA meeting house. The participants were familiarized with the first four 
sessions so that they could be instructed on the correct execution of the exercises, the regulation of intensity 
with elastic bands, and the control of breathing. Subsequently, the groups carried out a training program 
periodized in 12 weeks for phase 1 and 32 weeks for phase 2. These periods were preferred because the 
literature mentions that resistance training causes hypertrophy in a minimum period of 8 to 12 weeks, which 
was considered a "short term" for this work, while in a longer training period, these effects are maintained 
(32 weeks = "long term") (Steib et al., 2010). The workouts had a frequency of two weekly sessions on 
alternate days with a 48-hour rest between sessions. The large muscle groups of the upper and lower limb 
and trunk were trained, following the previously published methodology for this type of population (Fritz et 
al., 2018; Gargallo et al., 2019). The person in charge of the centre was in charge of controlling the attendance 
and compliance with the intervention plan. 
 
Intervention groups 
Both groups trained together and in a professionally supervised manner. During the first six weeks, they 
trained with three sets of 10 repetitions for each exercise, maintaining a range of local perceived effort of 6-
7, according to the ratio established on the Rating of Perceived Exertion (RPE) for training with elastic bands 
in OAs (Colado et al., 2018) and with a 90 s active pause between sets. In the following six weeks, the RPE 
was increased to 8-9, the training was increased to four sets per exercise, maintaining an active rest of 90 s 
between sets until week 8. The duration of active rest was later reduced to 60 s during the last four weeks. 
For phase 2, the same prescription was maintained and in the last 12 weeks, the duration of active rest was 
reduced to 45 s. All sessions lasted 60 min, which was divided into warm-up (10 min), training (40 min), and 
cool down-stretching (10 min). Elastic bands (CLX Theraband®, Akron, OH, USA) of different strengths (blue, 
black, silver, and gold) were used to carry out the strength exercises. 
 
The menthol gel used in the study was Biofreeze® (TheraBand®; Hygenic Corporation, Akron, OH, USA), 
and the placebo gel was supplied by the same company. The placebo gel had the same composition as the 
normal gel, but without the menthol. The roll-on gel is easy to self-apply by this type of population. Always 
supervised by the trainer, the participants were instructed to self-apply the menthol gel just 10 min before the 
start of the training session. To do this, the exercisers cleaned their lumbar area with a damp towel to remove 
residues from the skin and then carried out the application with the roll-on in the following way indicated by 
the manufacturer: two vertical applications right and left and two horizontal applications claimed to cover the 
lumbar area from T12 to L5. Consecutive self-applications of the gel were carried out by each participant, 
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and the application instructions previously given were reinforced by means of a poster displayed at the 
training site. This action was replicated, from week 1 of training to phase 2 of the study. 
 
Control group (CG) 
They were instructed not to modify their usual daily activities, not to carry out any physical activities, and to 
report any change in diet or the start of physical or medical treatment. With the supervision of the 
investigators, the person in charge of the centre made telephone contact once a week to verify these 
conditions and to inform whether the participant was in the city. 
 
Randomization and blinding 
The participants, each of whom was assigned a code, were randomized to experimental groups (RTM and 
RTP groups) or the control group (CG) (two groups of 12 people and one of 11). Regarding the use of the 
topical gel, the person responsible for developing the training sessions received it blindly in the form of a roll-
on labelled with a reference code applied by the supplier. The placebo gel had the same colour, scent, and 
texture as that containing menthol. In addition, each roll-on, bearing the name of the participant using it, was 
placed by the trainer so that the participants always used the same roll-on in each training session. According 
to the code previously assigned to each roll-on and without knowledge of the results at the end of the study, 




The normality of the data was confirmed with the Kolmogorov-Smirnov test. To compare the participants in 
the experimental groups and the control group, both of whom were measured at the beginning and the end 
of the intervention program, and to determine if there were any changes over time, the analysis of variance 
ANOVA (SPSSv23., SPSS, Inc., Chicago, Illinois, USA) was used. When significant differences were found 
on some of the dependent variables, a Bonferroni post hoc analysis was performed to determine the source 
of the difference. To determine if the statistically significant difference was of practical interest, the effect 
sizes (Cohen's) and the intragroup percentage change were calculated for each of the phases and intergroup 
percentage changes were calculated for phase 2. The results were interpreted following the standards 
established by Cohen where: < 0.2 is considered a trivial effect; 0.2 – 0.5 is indicative of a small effect; 0.5 – 
0.8 moderate effect and > 0.8 a large effect size. For the tests used, a value of p ≤ .05 was assumed as 




The size of the sample began with 53 potential OAs, of whom 35 met the inclusion criteria, only women 
agreeing to participate. The average age was 71.13 ± 6.47 years (MIN: 62; MAX: 85 years), reporting 
"moderate" back pain according to VAS and a percentage of disability of "moderate to severe" according to 
the ODI classification. The flow of participants is detailed in Figure 2. 
 
The main exclusion criterion was the presence of surgical resolution neurodegenerative pathology in the 
spine. None of the participants in the intervention group dropped out of the study; they were only excluded 
due to low attendance due to medical causes not derived from the intervention. In the second phase of the 
study, which lasted 32 weeks, the same participants who completed phase 1 were retained, while the CG 
was not considered, because it started recreational dance workshops organized by the institution. 
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The attendance rate for phase 1 of the program was 91.7%, while for phase 2 it was 89.3%. The baseline 
characteristics of the participants are presented in Table 1. It should be noted that throughout the study, none 





Figure 2. Consort flow diagram. 
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Table 1. Baseline characteristic. 
Characteristic RTM (n = 10) RTP (n = 10) CG (n = 11) 
Age (years) 70.3 ± 6.3 71.0 ± 6.9 72.0 ± 6.9 
Weight (kg) 67.8 ± 9.4 74.5 ± 11.6 70.6 ± 11.9 
Height (m) 1.50 ± 0.1 1.52 ± 0.1 1.50 ± 0.1 
BMI (kg/m2) 30.1 ± 3.5 32.4 ± 4.2 30.4 ± 4.1 
VAS (n°) 6.5 ± 1.4 6.4 ± 2.0 5.9 ± 1.5 
ODI (%) 41.8 ± 10.6 39.6 ± 12.1 38.2 ± 14.8 
Note. Data are presented as the Mean ± Standard Deviation. Abbreviations: BMI= Body Mass Index; RTM = resistance training 
group +menthol gel; RTP = resistance training group + placebo gel; CG = control group. 
 
Effect of phase 1 intervention: initial 12 weeks 
The changes in body composition and functional health in phase 1 are presented in Table 2. Regarding the 
body composition variables, the RTM and RTP training groups improved all variables with a small effect size 
(ES = 0.2 - 0.5), however, the RTM group was the one that obtained the greatest significant intragroup 
changes (p ≤ .01) for all variables except for lean mass. There were no significant differences between the 
groups. 
 
Regarding the functional health variables, the RTM and RTP training groups improved all variables without 
differences between groups. The RTM group was the one that presented greater improvements compared 
to the RTP group in all variables with significant intragroup differences (p ≤ .01), except for the curl test and 
high effect size for the changes in the variables: 6MWT, TUG, Chair-stance, VAS, and ODI. The RTP group 
improved all its functional health variables, with these intragroup improvements being significant for all 
variables, except for TUG and squatting. On the other hand, the CG obtained either a decrease or no 
significant difference in all variables of body composition and functional health, with a high effect size (ES > 
0.8). The VAS and ODI variables of both training groups were significantly lower post-training. 
 
Effects of phase 2 intervention: 32 weeks 
The changes in body composition and functional health of phase 2 are presented in Tables 3 and 4. Both 
groups significantly improved all body composition variables without significant intergroup differences at week 
12 and 32, obtaining greater results as training time increased, with a small effect size (ES: 0.2 - 0.5) both 
within and between groups. However, it was the RTM group that obtained greater improvements compared 
to the group that trained with placebo. The variable that presented the greatest improvement was the fat 
mass (12.5%) after 32 weeks of intervention for the group that trained with menthol. Regarding the functional 
health variables, all the parameters improved as the intervention time increased, with the greatest 
improvements being for the menthol group, although without significant differences between intervention 
groups. 
 
The variables that presented the greatest percentage changes after 32 weeks of training were the balance 
variables: TUG and Single-leg-stance, with a high effect size for both groups. Finally, the variables that 
evaluated low back pain (VAS) and percentage of disability (ODI) showed a percentage of significant 
improvements greater than 60% and high effect size for both groups, without significant long-term intergroup 
differences.
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Table 2. Intervention effects on corporal composition and functional health for Phase 1 (12 weeks). 
 























Corporal Composition  
Weight (kg) 67.8±9.4 66.4±9.3 -2.1** -0.2 74.4±11.6 73.8±11.5 -0.9 -0.1 70.6±11.9 70.8±12.1 +0.2 0.0  
BMI (kg/m
2
) 30.1±3.5 29.4±3.4 -2.2
** -0.2 32.4± 4.2 32.1± 4.0 -0.9 -0.1 30.4±4.1 30.5±4.2 +0.2 0.0  
Fat mass (kg) 27.8±6.6 26.3±6.3 -5.2** -0.2 33.5±6.4 32.8±6.0 -2.3 -0.1 29.8±6.7 30.1±6.9 +0.9 0.0  
Lean mass (kg) 39.6±3.4 40.8±3.8 +3.4 0.3 41.3 ±4.9 42.3±5.1 +2.5 0.2 41.4±4.9 41.0±4.8 -0.9 -0.1  
Waist-circumference (cm) 97.4±7.6 94.8±7.8 -2.7** -0.3 101.7±8.3 98.3±8.7 -3.3** -0.4 99.8±9.7 98.8±11.2 -1 -0.1  
Hip-circumfernce (cm) 107.1±6.2 104.6±5.3 -2.3** -0.4 110.6±6.6 109.2±6.2 -1.3 -0.2 108.8±7.6 109.4±8.1 +0.5 -0.1  
Functional Health  
6MWT (m) 400.6±69.8 484.1±50.8 +20.8** -1.4 399.9±92.0 453.5±74.9 +13.4** -0.6 426.0±77.0 420.3±77.7 -1.4 0.1  
TUG (s) 6.8±1.6 4.7±0.4 -30.1** 1.8 7.1±0.9 5.5±0.9 -22.2** 1.7 6.7±0.9 6.8±1.1 +1.1§ -0.1  
Single-leg-stance (s) 10.9±11.0 18.3±14.7 +68.5** -0.6 8.9±10.1 12.7±10.9 +41.3 -0.4 11.7±16.9 10.9±17.1 -6.9 0.0  
Chair-stance (n) 15.1±2.1 19.0±3.0 +25.8** -1.5 14.7±5.8 16.9±6.5 +14.9** -0.4 14.8 ±4.6 14.3±5.1 -3.7 0.1  
Grip-strength (kg) 22.6±4.2 25.4±4.8 +12.4** -0.6 23.1±4.5 25.6±5.2 +10.8** -0.5 23.3±4.8 22.7±4.7 -2.3 0.1  
Upringth-rowing (kg) 24.1±7.1 29.0±8.2 +20.3** -0.6 24.7±7.9 27.7±6.4 +12.5** -0.4 26.0±6.8 23.7±6.1 -8.8 0.4  
Squatting (kg) 31.4±12.1 41.0±15.5 +30.7** -0.7 34.6±12.4 39.2±13.1 +13.1 -0.4 29.0±10.7 27.7±10.1 -4.5 0.1  
Curl-up (s) 6.7±11.8 9.6 ±12.6 +44.3 -0.2 17.9±28.5 24.1±30.1 +34.2* -0.2 8.5±10.5 7.1±9.3 -16.6 0.1  
VAS (n°) 6.5±1.4 0.3±0.7 -95.4** 5.6 6.4±2.0 0.4±0.9 -93.8** 3.8 5.9±1.5 5.5±2.2 -6.2§ 0.2  
ODI (%) 41.8±10.6 17.4±11.4 -58.4** 2.2 39.6 ±12.1 18±4.2 -54.6** 1.6 38.2±14.8 41.8±13.9 +9.5§ -0.3  
Note. Data are presented as the Mean ± Standard Deviation. Abbreviations: RTM = Resistance Training Group + menthol gel; RTP =  resistance training group + placebo gel; CG = 
Control Group; Δ% = percentage change from pre- to postest; ES: Effect Size; BMI: Body Mass Index; 6MWT: 6minutes walks test; TUG: timed up and go; VAS: Visual Analogue 
Scale; ODI: Oswestry disability index. ES: <0.2 = trivial effect; 0.2–0.5 = small effect; 0.5–0.8 = moderate effect and >0.8 = large effect; Intragroup differences (*p ≤ .05 and **p ≤ 
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Pre-intertest Pre-postest ES (d) intergroup 
Δ% ES (d) p value Δ% ES (d) p value Intertest Postest 
Weight (kg) 
RTM 66.8±11.1 65.6±11.2 64.7±11.2 -1.8** -0.1 .00 -3.1** -0.2 .00 
0.2 0.2 
RTP 67.7±9.9 67.2±9.9 66.8±10.0 -0.7** -0.1 .00 -1.2** -0.1 .02 
BMI (kg/m2) 
RTM 29.2±3.6 28.7±3.7 28.3± 3.7 -1.9** -0.2 .00 -3.2** -0.3 .00 
0.3 0.4 
RTP 30.2±3.8 29.9±3.7 29.8±3.6 -0.7** -0.1 .00 -1.3** -0.1 .01 
Fat mass (kg) 
RTM 26.5±7.3 24.3±6.8 23.2±7.2 -7.8** -0.3 .00 -12.5** -0.5 .00 
0.4 0.5 
RTP 27.4±6.3 26.9±6.1 26.2±5.6 -1.9 -0.1 .1 -4.6** -0.2 .01 
Lean mass (kg) 
RTM 40.3±4.2 41.1±4.9 41.5±4.6 +2.1* 0.2 .04 +3.2** 0.3 .01 
-0.2 -0.2 
RTP 40.2±4.7 40.3±4.9 40.7±5.1 +0.1* 0.0 .02 +1.2* 0.0 .02 
Waist-circumference (cm) 
RTM 95.6±11.9 93.6±12.1 92±11.9 -2.1** -0.2 .00 -3.7** -0.3 .00 
0.1 0.1 
RTP 96.3±8.4 94.6±8.5 93.1±8.6 -1.8** -0.2 .00 -3.3** -0.3 .00 
Hip-circumfernce (cm) 
RTM 102.4±6.9 101.1±6.5 100.6±6.3 -1.3** -0.2 .01 -1.8** -0.3 .01 
0.3 0.1 
RTP 103.8±8.3 103±7.9 101.5±7.7 -0.8 -0.1 .12 -2.2** -0.3 .00 
Note. Data are presented as the Mean ± Standard Deviation. Abbreviations: RTM = resistance training group + menthol gel; RTP = Resistance Training Group + placebo gel; CG = 
Control Group; Δ% = percentage change from pre- to postest; ES: Effect Size; BMI: Body Mass Index; 6MWT: 6minutes walks test; TUG: timed up and go; VAS: Visual Analogue 
Scale; ODI: Oswestry disability index. ES: <0.2 = trivial effect; 0.2–0.5 = small effect; 0.5–0.8 = moderate effect and >0.8 = large effect; Intragroup differences (*p ≤ .05 and **p ≤ 
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Pre-intertest Pre-postest ES (d) intergroup 
Δ% ES (d) Intertert Postest ES (d) p value Intertest Postest 
6MWT (m) 
RTM 522.9±58.2 530.7± 57.4 537.2±57.3 +1.5** 0.1 0.00 +2.7** 0.2 .00 
-0.0 -0.1 
RTP 522. 4±72.2 528.5± 69.1 533.6±64.7 +1.2** 0.1 0.00 +2.1** 0.2 .00 
TUG (s) 
RTM 6.9± 0.4 5.2±0.8§ 4.7±0.5§ -25.5 -2.7 0.26 -32.9 -4.9 .12 
1.3 1.5 
RTP 6.9±0.6 6.2±0.7§ 5.7±0.8§ -11.3 -1.2 1.0 -17.5 -1.7 .68 
Single-leg-stance (s) 
RTM 9.9±8.2 16.6±12.9 21.8±17.9 +66.9* 0.6 0.05 +119.1* 0.9 .03 
-0.3 -0.4 
RTP 9.4±5.2 13.2±8.0 15.9±10.4 +40.4 0.6 0.38 +69.9 0.8 .31 
Chair-stance (n°) 
RTM 18.3±4.7 19.6± 4.6 21.8±5.1 +6.7** 0.3 0.01 +18.8** 0.7 .00 
-0.3 -0.3 
RTP 17.1±3.9 18.2± 3.8 20.4±3.0 +5.2* 0.3 0.04 +19.3** 0.7 .00 
Grip-strength (kg) 
RTM 23.6±3.2 25.2±3.3 26.8±2.9 +7.1** 0.5 0.00 +13.7** 1.0 .00 
0.1 -0.0 
RTP 24.2±2.7 25.6±2.6 26.7±3.1 +5.8** 0.5 0.01 +10.3** 0.9 .00 
Upringth-rowing (kg) 
RTM 31.4±11.6 34.5± 11.9 38.1±12.7 +9.9** 0.3 0.00 +21.3** 0.6 .00 
-0.4 -0.4 
RTP 29.5±6.8 31.1± 6.7 33.7±6.7 +5.8* 0.3 0.03 +14.5** 0.5 .01 
Squatting (kg) 
RTM 50.8± 22.8 55.6±21.8 61.4±21.9 +9.4** 0.2 0.00 +20.8** 0.5 .00 
-0.2 -0.3 
RTP 49.7±15.2 52.4±14.8 55.9±15.2 +5.5 0.2 0.05 +12.4* 0.4 .02 
Curl-up (s) 
RTM 19.1±18.3 26.7±31.5 32± 34.3 +39.9 0.3 0.01 +67.6* 0.5 .02 
-0.5 -0.6 
RTP 12.8± 8.4 14.7±9.9 16.8± 10.4 +15.3 0.2 1.0 +31.6 0.4 .94 
VAS (n°) 
RTM 5.3±1.0 2.3±1.0 0.2±0.4 -56.3** 3 0.00 -95.8 6.6 .00 
0.9 0.5 
RTP 5.4±1.2 3.2±1.0 0.5± 0.7 -40.7** 2 0.00 -90.7 5.1 .00 
ODI (%) 
RTM 35.8±16.6 20.0±13.2 4±6.2 -44.1** 1.1 0.00 -88.8** 2.5 .00 
0.1 0.7 
RTP 35.2±19.6 21.2± 18.5 11.0 ±12.9 -39.8** 0.7 0.00 -68.8** 1.4 .00 
Note. Data are presented as the Mean ± Standard Deviation. Abbreviations: RTM = Resistance Training Group + menthol gel; RTP = Resistance Training Group + placebo gel; CG 
= Control Group; Δ% = percentage change from pre- to postest; ES: Effect Size; BMI: Body Mass Index; 6MWT: 6minutes walks test; TUG: timed up and go; VAS: Visual Analogue 
Scale; ODI: Oswestry disability index. ES: <0.2 = trivial effect; 0.2–0.5 = small effect; 0.5–0.8 = moderate effect and >0.8 = large effect; Intragroup differences (*p ≤ .05 and **p ≤ 
.01); § Intergroup difference = p ≤ .01 
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The main finding of the present study was that the training program proved to be a lot more effective in both 
the short and long term when the menthol gel was administered prior to the physical exercise sessions. One 
of the reasons that may explain this phenomenon is that OAs affected by CLP benefit the analgesic effects 
of menthol by presenting spinal instability at baseline (Kuo et al., 2015). In turn, this analgesic effect allows 
them to produce a greater tetanic strength of the musculature (Kuo et al., 2015) and to better reach the 
prescribed intensity during training sessions. Consequently, this greater and better stimulus could enhance 
the improvements acquired by the said strength training because the muscles of the lumbar region would be 
strengthened as a consequence of the stimulus generated by the traction of the elastic material during 
different exercises. This muscular stress during exercise promotes the contraction of the deep muscles of 
the trunk, especially transverse abdominal and multifidus (Ferreira et al., 2006), with which the treatment can 
become more effective (MacDonald et al., 2006). However, it must be taken into account that the analgesic 
effect of menthol could mask the pain generated by the compensations adopted by OAs during training, with 
which before starting with the application of the gel, compliance with the stage of prior familiarization with 
respect to the correct technique of each exercise and the adequate intensity of exercise is absolutely 
essential. Reason why in this study the familiarization period was highly controlled, and the use of the gel 
was incorporated until the 4th week of training during the first phase. This is one of the possible reasons why 
there were no adverse effects or why no dropouts were associated with incorrect practice in any of the training 
groups, including the group that used the placebo gel. 
 
In the present study, it has been shown that a 12-week-intervention was enough to obtain a clinically 
significant decrease in the pain at two points evaluated with VAS (Ostelo & de Vet, 2005) in all the participants 
of the intervention groups (RTM and RTP), and this effect was maintained after the detraining period until 
week 32. To date, only two studies have reported a clinically significant decrease in pain after combining the 
effect of a menthol gel with a non-pharmacological treatment, such as the application of chiropractic 
adjustments (Zhang et al., 2008) and electrotherapy (Greenstein et al., 2013). However, they were carried 
out in the adult and young adult population, respectively, and they were invasive and therapist-dependent 
techniques for physiotherapeutic use. These studies in question are obviously different from the present study 
because the training protocol used in this study allows more than one patient to be treated with exercise at 
the same time and the menthol gel was self-applicable by OAs. Likewise, associated with pain reduction, the 
RTM and RTP groups obtained a clinically significant decrease in their short-term and long-term disability, 
evaluated with the ODI functional disability questionnaire, and these results are consistent with those 
reported by Slade & Keating (2006) and Wang et al. (2012) in their studies conducted with OAs with CLP. 
 
Another of the notable findings in this study was the great effectiveness of moderate-high intensity training 
with elastic bands in OAs with CLP. In the short and long term, this protocol stimulated improvements in all 
the parameters that characterized the physical function of the participants, which is directly related to a lower 
risk of falls, disability, and frailty in OAs (Kim et al. 2010). These benefits produced by the used protocol 
include a clinically significant improvement in the walking speed (> 30.5 m) (Bohannon & Crouch, 2017), 
reaching normal parameters in the balance tests, and an increase in strength and muscular endurance. In 
agreement with previous publications, these findings confirm the improvements in the OA community with no 
changes in the body weight after short periods of intervention (6 to 12 weeks) but with a higher weekly training 
frequency (3 times a week). For example, the study by Motalebi & Loke (2014) reported improvements of 
around 30% in muscle strength of the lower extremities and dynamic balance evaluated with TUG, after the 
administration of a training program with elastic tubes at moderate intensity for 12 weeks. While the 
percentages of improvement obtained by Cavani et al. (2002) are much lower in the 6MWT (+ 9%) and in the 
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TUG (-15%), similar results were obtained for the Chair-stance strength test (+30 %) after 6 weeks of training 
using resistance machines with a protocol of 12 to 15 repetitions until fatigue. 
 
Another point to be highlighted, which may explain the results of this study, is the decrease in pain intensity 
and lower pain catastrophizing after the intervention program (Coyle et al., 2017; Searle et al., 2015), which 
reduced the intrinsic limitation in the spinal mobility ranges in OAs with CLP, allowing better performance in 
functional tests (Coyle et al., 2017; Kuss et al., 2015). This is relevant because, in a previous study, Weiner 
et al. (2008) used analgesia prior to the training session by means of percutaneous electrical nerve 
stimulation 5 and 30 min prior to the training program that included flexibility exercises and of aerobic 
resistance twice a week, for six weeks. Weiner et al. (2008) found that this training program did not enhance 
the analgesic effects of percutaneous electrical stimulation, nor did it improve the physical function of OAs, 
although the participants did report a decrease in their pain. 
 
At the same time, moderate-high intensity training has been shown to reverse sarcopenia in OAs, which is 
accentuated in the presence of CLP (Sakai et al., 2017), which was reflected in the maintenance and/or 
increase in the percentage of muscle mass directly proportional to the intervention time, enhanced by the 
menthol gel. On the contrary, the absence of exercise in the CG generated maladaptive changes that caused 
a worsening in functional performance and body composition, both conditions being related to increased pain 
in OAs. 
 
Regarding the improvements in body composition parameters, although the literature has shown that long-
term improvements in OAs are more significant when selecting a mixed intervention approach, such as diet 
and exercise (Bouchard et al., 2009; Candow et al., 2011), concern remains regarding the importance of 
maintaining lean mass after body weight loss, as loss of lean mass as a consequence of dietary restriction 
can lead to further functional decline (Candow et al., 2011). It is for this reason that the results obtained in 
this study were compared with the work of Avila et al. (2010), who studied the effect of a dietary intervention 
that reduced caloric intake by 10% and its combined effect with a moderate intensity training plan in 
overweight and obese OAs. After the intervention, it was possible to show that the group that was intervened 
with a diet obtained a decrease in the body weight by 2%, in fat mass by 0.2%, and in muscle mass by 0.27%. 
These modifications reported by Avila et al. (2010) in body composition are similar to those generated in 
phase 1 of our study, with the difference that moderate-high intensity training did not generate a negative 
impact on lean mass; on the contrary, it increased it by 3.4%. When the results are compared with the 
combined intervention of diet and moderate-intensity exercise by this same author, it was seen that the 
participants generated a greater decrease in weight and body fat (3.6% and 11.2%, respectively) without 
damaging their lean mass (+ 1.3%) and that these improvements were similar to those achieved in phase 2 
of our study (32 weeks) (-3.2% body weight and -12.5% fat mass). However, our intervention generated a 
greater long-term increase in the percentage of muscle mass (+3.2%). Therefore, it is clear that the practice 
of physical exercise is essential in order to protect lean mass in this population, and although the fat loss was 
not the primary objective of our study, the selected training intensity could possibly generate a significant 
decrease in the lipid content of the muscle and the deposits of adipose tissue that explain the decrease in 
the fat mass of the participants, without negatively impacting their muscle mass and functional capacity. 
 
Few studies have performed strength training in OAs with CLP or in overweight or obese OAs, with only two 
articles published by the same author to date: Vincent et al. (2014 a) and Vincent et al. (2014 b). Although in 
these studies only gait strength and speed were evaluated as variables of changes in physical function, their 
results coincided in showing that global muscle strength training at moderate-high intensities generates 
improvements in walking speed and muscular strength of the trunk and extremities, with significant results 
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after four months of intervention in the strength of the lower extremities, as proven in the group that trained 
with menthol gel from week 12. However, the intervention protocols used by Vicent et al. had a higher weekly 
frequency (3 times a week), and analytical muscle resistance machines were used for the work of each 
muscle group. Regarding the pain perception variables, such as catastrophism and self-report of disability, 
the results are robust and coincide with our findings, which demonstrate a significant decrease in pain in the 
medium term (Avila et al., 2010). 
 
High adherence has been previously recognized in the literature as a factor that contributes slightly to the 
improvement of the level of disability of OAs with low back pain. Hicks et al. (2012) studied in adults with CLP 
(> 50 years) the variables that predicted a better state of pain after applying a training program for 12 months. 
This study coincides with ours in several aspects, such as frequency, duration, group intervention modality, 
and high level of supervision, although it differs from our study in work intensity (volume: 20-30 repetitions, 
without external resistance) and in that it did not include functional physical tests to assess changes. 
However, Hicks et al. (2012) were able to determine that adherence to the training program (> 75% 
attendance) was the main variable that influenced pain reduction in this population. Therefore, in our study, 
high adherence (91.7% for phase 1 and 89.3% for phase 2) could be considered a positive factor that would 
add to the effect of the intervention followed. 
 
For all the reasons previously analysed, it can be emphasized that the success of a training program in OAs 
with CLP seems to be associated with a long-term, highly supervised group work that generates high 
adherence, does not reproduce painful symptoms, and reaches an intensity of training capable of causing 
physical and functional changes. In these last two points, the complementary use of a menthol gel could be 
able to contribute and enhance the effects of an intervention program based on training. 
 
Finally, the present study is not exempt from some limitations, such as the small sample size. However, the 
intervention time and adherence to the training plan compensate for the small sample size. Therefore, future 
studies should test the effects of these results in a larger sample. Furthermore, in this study, a loss of CG 
was generated in phase 2 and only female participants attended, so it is not possible to extrapolate these 




The use of a menthol gel prior to the sessions of a moderate-high intensity strength training program carried 
out with elastic bands reduces pain and enhances the functional improvements achieved as a result of said 
training, so its correctly individualized use is recommended as a complementary therapy to an intervention 
program of these characteristics in female OAs with CLP or in overweight or obese OAs. Finally, the longer 
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